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UccneqoBaHo BIIMAHWe pa3sIM4HbIX WapaMeTpoB 
Ha IPMeKTHBHOCTb Tpolecca HOHHOrO OOMeHAa C 
Ie@IbIO TOBbINICHHA KaueCcTBa YMATYeCHHA UH 
oOeccouMBaHHA 


BOJIbI. IIpeaqctapjeHa 


3aBHCUMOCTbh ITIpowecca OT JIMTCJIBHOCTH HU 


pa3HBbIx moka3aTesen pacTBOpoOB TIpu 
BapbHpOBaHHH KOHICHTpalwu UU  Tpuporpl 
pacTBopeHHoro  sBemlecTBa. Ha  ocHoBaHnu 


TOJTYYCHHBIX PpesyIbTaTOB CICJIaHbI BbIBOJIbI O 
IIDHMCHYUMOCTH HOHHOTO oOMeHa AIA OUMNUWICHHWA 


BOJBI. 


Ks10"eBbIe CJIOBA: MOHHbIM oOMeH, 
HOHOOOMECHHBIe€ CMOJIbI, OOCCCONMBaHHe, CTOUHAA 


BOJIbI, JICKTPOMPOBOJHOCTh, 3(MeKTUBHOCTE. 


Bpegenne. Boa — WeHHeHIIMM TMpupouHEl 


pecypc. 
ooecneuHBaA 


Ona UrpaeT UCKIIFOUMTEIIBHYHO PpOJIb, 
OnomorMmyueckHe IOTpeOHOCTH 
OpraHH3MOB, yu4aCTByA BO BCe€X MeXaHW3Max HU 
2KM3HEHHBIX IMKIaxX Halen mWiaHeTb. BovHBIe 
pecypcbl AaKTHBHO UCIIOJIb3yHOTCA B pa3JIM4HbIx 
ccbepax 

OBITOBBIX, 


AHTpONOreHHOH eATeIbHOCTH IA 
TIPOMBILIIJICHHBIX u 
CCJIbCKOXO3AMCTBCHHBIX HyK. IlotpeOHocTu B 
BOe€ OFPOMHbI UW exKeroqHO yBemMunBarotca. Ha 
3€MHOM Illape oOmMe 3allachl BOJbI WOcTuratoT 1,5 
MIH KM. Oxos0 2% 93Toro oGbeMa cocTaBiAeT 
mpecHad BOa, a KOJIMYeCTBO JOCTYNHOM WA 


VCHOJIb30BaHHA BOJIbI He WpeBbiiuaeT 0,003%. 
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The article considers the influence of various 
parameters on the efficiency of ion exchange 
process to improve the quality of softening and 
desalination of water. It presents the dependence 
of the process on the duration and different 
characteristics of solutions by varying the 
concentration and nature of solute. On the basis 
of the results obtained the authors drawn a 
conclusion about the applicability of ion 


exchange for water purification. 


Keywords: Ion exchange, ion exchange resins, 
desalination, sewage, electrical conductivity, 
efficiency. 


Introduction. Water is a valuable natural 
resource. It plays a crucial role in ensuring the 
biological needs of organisms, participating in 
all mechanisms and life cycles on our planet. 
Water resources are widely used in various 
fields 


industrial and agricultural needs. The demand 


of human activities for domestic, 
for water is huge and it is growing. On the 
globe, the total water supply is up to 1.5 million 
km3. About 2% of this amount is fresh water, 
and the amount available for use does not 


exceed 0.003%. 
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HexBatTka NpecHou BOI BCe OOUbINe OLLyuaerTcs 
B 43 cTpaHax Mupa, COCTAaBJIAIOINMX OKOTIO 60% 
BceH MOBepxHocTH cy. IIpoOmempl c ZedulluTOM 
IIPeCHOH MHTbeEBOH BOJIbI UCIIbITbIBAIOT TaK?Ke B 
KppbIMy H FOXKHBIX pernouax Poccunu. 

B ycNOBUAX pacTyIero 3arpax3HEHHA BOI U 
BOXONOTpeOseHHA «BOJIHBIM 


ObICTporo pocta 


TOON» WmpwoOpetaerT Bce OObITYIO OCTDPOTY. 


CyllecTByeT MHeHWe O TOM, 4TO B_ UTOre 


lepey 
HeEOOXOJHMMOCTHIO AOOBINH TIpeCcHOH BOJIbI H3 BOL 


YeJIOBCUECTBO OKaKeTCA 
MHpOBOrO OKeaHa. OCHOBHbIMH KOMIIOHCHTAaMH B 
MOpcKOii Boge aBaFOTcH Na‘, Cl, K*, Mg™*, Ca’*, 
Sr’*, Br, F, H3BO3. Han6onee paquKanbHBIM 
CHOCOOOM JIMKBUaunu edunuTa WpecHou BOJbI 
ABJIACTCA OMpecHeHWe COJICHBIX MW COJOHOBATHIX 
Boy. Jlocruraetca 93TO pa3JIM4HbIMH ciHocoOaMH. 
OHM H3 TaKHX CIOCOOOB SABIIACTCA MOHHBIM 
OOMeH, KOTOPbIM OCHOBaH Ha yaIeHu 3 BOI 
HeoOpraHvuecKux BelleCTB, HMOHOB  TsDKeJIbIX 
MeTaJUIOB HW JIPyrux BelllecTB. CyNIHOCTb JaHHOTO 
MeTO]Ia 3aKIIEOUaeTCA B CIOCOOHOCTH CIIeMMasIbHbIX 
MaTepHaJIOB (HOHHTOB) W3MCHATb B 2KeJIaeMOM 


HallpaBsIceHHH MOHHbIM cocTaB OOpabdaTbIBaemMol 


BOJbI. OTa TeXHOJIOrMA TO3BOACT MOOMTBCA 
KauecTBa BOJIbI, COOTBeETCTBYHOINIerO HOPMaM 
pa3JIM4HbIX  TPOMBINVICHHbIX 3IHeEPreTH4yeCcKUX 
OOBECKTOB. 


Ilocranospka 3ayaun. [lesbo WaHHOu padorTsl 
ABILAIIOCh U3y4eHHe IPMeKTHBHOCTH YMATYeHHA U 
oOeCCOJIMBaHHA BOJ[bI HA MHOHOOOMCHHBIX CMOJIAaX B 
3aBMCHMOCTH =OT~ KOHIIeCHTpalluH =pacTBOpPOB, 
BpeMeHH Tpolecca WU MpHpOAbl pacTBOPeHHBbIx 
BeIIeCTB. 

Meroanka 3KciepuMeHrTa. 


JA 


oOeCcCOIMBaHHA BOJbI Ha HOHOOOMeHHBIX CMO Jax 


uccueqOBaHHA 39ddekTHBHOCTH 
Oblla poBeyeHa 9KCIIepHMeHTaIbHad paodorTa, 
COCTOAIIad M3 JBYX 4acTen: 

1 — onmpeyeneHve cTemeHu oOeccomMBaHHA 
BOJIbI Ha HOHOOOMECHHBIX CMOJIAaX B 3aBHCHMOCTH 
OT HauvalIbHOM KOHICHTpalluH paCTBOPeHHbIx 
BeICCTB, COOTHOCHMOM C 3JICEKTPOIPOBOJHOCTBIO 
pacTBopa JO HW Mocue HOHHOTO OOMeHa; 

2 — ompeyenenuve 2(deKTHBHOCTH WMOHHOrO 


OOMeHa B 3€BHCHMOCTH OT BpeCMeHH IIpouecca U 
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43 countries, which occupy about 60% of the 
land surface, experience the lack of fresh water 
more and more. The Crimea and southern 
regions of Russia also have shortages of fresh 
drinking water. 

In the face of growing water pollution and the 
rapid growth of water consumption "water 
hunger" has become increasingly prominent. 
There is a belief that eventually humanity will 
face the necessity to extract fresh water from the 
oceans. The major components of seawater are 
Na‘, Cl, K*, Mg**, Ca™*, Sr**, Br, F, H3BO3. 
The most radical way to eliminate the shortage 
of fresh 


brackish waters. This is achieved in various 


water is desalination of salt and 
ways. One such method is ion exchange, which 
is based on the removal of inorganic substances, 
ions of heavy metals and other substances from 
water. The essence of this method lies in the 
ability of special materials (ion exchangers) to 
change the ion composition of the treated water 
in a desired way. This technology allows 
achieving the quality of water corresponding to 


norms of various industrial energy facilities. 


Statement of the problem. The aim of this 
work is to study the efficiency of softening and 
desalination of water on ion-exchange resins 
the 
process time and nature of the dissolved 


depending on solution concentration, 
substances. 

Experimental procedure. 

To investigate the efficiency of water 
desalting on ion exchange resins the authors 
have carried out the experimental work, 
consisting of two parts: 

1 — determination of the degree of 
desalination of water on ion-exchange resins 
depending on the initial concentration of the 
dissolved substances, which correlated with the 
conductivity of the solution before and after ion 
exchange; 

2 — determination of the effectiveness of ion 
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IIPHPOJIbI PACTBOPCHHBIX BELIeCTB. 
IIpeqBaputTesbHO TpHrOTOBHIM pacTBOpbI 
NHy4Cl, NazSO4, NaCl, K2SO4 NazCO3 CaCO3. 
MgSO,  c konmentpauuamu 0,5%, 1,0%, 1,5%, 
2,0% u 
9JIEKTPONPOBOJJHOCTb 


YW3MepnvI HauvasIbHytO 
KaxkOrO W3 HX 0 
mpormecca oOeccoJIMBaHHA. Pe3yIbTaTBl 
IJIEKTPOMPOBOJJHOCTH PacTBOPOB JO IKCIIEPHMeHTa 


IIPHBeeHbI B TaOmuLe |. 


exchange depending on time and nature of the 
dissolved substances. 
The authors have pre-prepared solutions of 


NH,Cl, NaoSOa,a, NaCl, K>SO4, NavCOs, 
CaCO3, MgSO, with the concentrations 0,5%, 
1,0%, 1,5%, 2,0% and measured the initial 
conductivity of each of them before the 
desalination process. The results of the electrical 


conductivity of the solutions before the 
experiment are given in table 1. 

Taosuita | 

Table 1 


HauvasibHad IJICKTPOMpOBOJHOCTb BCeX MCCIICYeMBbIX PaCTBOPOB 
The initial conductivity of all the studied solutions 


KonentTpamna, % HauaJIbnHad IJICKTPONpOBOAHOCTb, MCM 
Concentration. % Initial conductivity, mS 
3 


N H,Cl N a.SOx, 


NaCl 


K,SO, Na,CO;3 CaCO; MgSO, 


998 | sa0 fran ear [ais [ae fa 
ror [ae fae 





sara as 
Sa 


JIna wonwyuyenua Haustyumlero pe3yilbTaTa 
aBTOpaMH ObWIM MpOBeJIeHbIl IKCHeCPHMeHTAaIbHbIe 
YuccueqOBaHHA, MO3BOJIMBILHe OlpeeIMTb 
ONTHMaJIbHbIe 3HAYCHHA UH COOTHOMICHHA MaccBl 
MOHHTOB UW pacTBOpoB, 4TO cocTaBHyIo — 30r 
wonuta uw  10r- wuccnemxyemoro  pactTBopa. 
OKCHeEPpHMeHT TIPOBOAMIIM C KaxKJIbIM BeIleCCTBOM 
mo 10, 15, 20 u 25 mMuHyT, u3Mepaad pu 9TOM 
QIIEKTPOIMPOBOHOCTb Tmocsre 


KaxKTOrO £OTIBITA. 


[losry4eHHble 3HaAYCHHA YU3MCHCHHA 
IICKTPOMPOBOTHOCTH, B 3aBHCUMOCTH OT BDCMCHH 


MOHHOrO OOMeHA, IIpHBeeHbI B TaOMLe 2. 
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To get the best result, the authors have carried 
out experimental researches, which made it 
possible to determine the optimal values and 
ratios of resins and solutions, which amounted 
to 30 g of the resin and 10g of the investigated 
solution. The experiment was carried out with 
each substance for 10, 15, 20 and 25 minutes, 
and the conductivity after each experiment was 
measured. The obtained values of changes of 
electrical conductivity, depending on the time of 


ion exchange are shown in table 2. 
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Taodmuna 2 
Table 2 
V3MeHeHHe 3HaYeHHH JJIEKTPOLMpOBOJHOCTH B 3ABHCHMOCTH OT BPCEMeCHH MOHHOTO OOMeHa 


The change of conductivity values depending on the time of ion exchange 





JNeKTponpoBosHocThb, MCM / Electrical conductivity, mS 


KonwentTpanna 
pacTBOpoB, % NH4Cl NaCl K2,SO, Na,COz CaCQ;3 MgSQ, 
Concentration 
ord a wa hd ln 

Bpema t=10 munyt / Time t=10 minutes 


aa 53 1,07 6,57 
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Concentration Na2,COz3 CaCQ; MegsSQ, 


of solutions, % 
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Bpema t=20 munyt / Time t=20 minutes 
Bpema t=25 munyt / Time t=25 minutes 
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Jia mouy4aeHua MaKCHMasIbHO 9ddeKTHBHOrO 
pe3ylIbTaTa OT HOHHOTO OOMeHA, B COOTBETCTBHH C 
TaOmMiueH 2, paccMOTpeHbI Malla30Hbl BPeMecHu 
(ipH C=0,5%) mUpu 
3JIEKTPOMPOBOHOCTH MUHMMAalsIbHbI 
E(CaCO3)=0,18mCm, E(MgSO,)=0,12 mC. 


Ha OCHOBaHHH TOJTYYeCHHBIX JAHHBIX MOCTPOUIIM 


KOTOPBbIx 3HAYUCHHA 


3aBHUCUMOCThb ITICKTPOMPOBOTHOCTH OT 


KOHI[eCHTpalnu PacTBOpoB u BpeMeHu 


(puIbTpoBaHna (puc. | ui 2). 


To obtain the most effective result from ion 
exchange, in accordance with table 2, the 
authors have considered the ranges of time (at 
C=0,5%) at which the electrical conductivity 
values are minimal E(CaCO;)=0,18 mS, 
E(MgSO,)=0,12 mS. 

Based on these data, they have constructed the 
dependence of the electrical conductivity on the 
solution concentration and time of filtration 


(Fig. 1 and 2). 





Electrical conductivity 


HI 


INEKTPONPOBOAHOCTb, MCM 


Bpema, MUH/Time, minutes 





Puc. 1. 3aBHuCHMOCTh 3JIEKTPONpOBOAHOCTH pacTBopa CaCO; OT KOHITCHTpalluu UW BPeCMeHH (PMWIbTpallMU B 


MOHOOOMeHHBIX CMOJIax: C — KOHI[eHTpallua pacTBopa, % 


Fig. 1. The dependence of the electrical conductivity of the solution CaCO; on the concentration and time of 


filtration in ion exchange resins: C — concentration of the solution, % 





93JIEKTPONPOBOJHOCTb, MCM 
Electrical conductivity 


Bpema, MUH / Time, minutes 





Puc. 2. 3aBMCUMOCTb 3IeKTpolIpoBoAHOCTH MgSO, oT KOHI[eHTpaliMu UW BpeMeHH 


(DHJIbTpallMu B HOHOOOMeHHEIX CMOsIax: C — KOHI[CHTpallua pactBopa, % 


Fig. 2. The dependence of MgSO4 conductivity on the concentration and time of filtration in ion 








exchange resins: C — concentration of the solution, % 


Ha o60onx rpadukax BHAHO, 4TO pH 


KOHIICHTpalluH BelllecTBa B  pactBope 0,5% 


ICKTPOMpOBOAHOCTb MMHMMasibHa. OHako, 
OoIbIlee CHH2KeEHHe KOHILCHTpalluH OTMeC4CHO JIA 
BbICOKOKOHI[CHTPHUPOBaHHBbIX pacTBopos, a, 
CHeOBaTeJIbHO, HOHHbIM OOMeH WpoTeKaeT Oorree 
39MeKTHBHO. 

BUIMAHHA 


Jia onpeyeseHuA IIpHpobl 


pacTBopeHHoro BelllecTBa Ha 9(deKTHBHOCTb 


MOHHOTO OOMeHa C pa3JIMYHOM BaJIeHTHOCTbIO U 
TpaduKk 
moKa3aHHv 


pa3MepaMH MOJIeKyJI §WocTponMmM 


3aBMCHMOCTH W3MeHeHHA 
QIEKTPOMPOBOAHOCTH OT 
(puc. 3). 


KOHIeCHTpalua 


IIpUpoyb BelljecTBa 
J|a BCeX HVKeyKa3aHHbIX BEIIIeCCTB 
0.5%, a 


(bubTpalwu 25 MuHYyT. OnpeyeseHbl 3HauyeHHA 


COCTABJIAJIAa BpeCMiA 


3ICKTPOMPOBOAHOCTH pacTBOpOB yO HH Tocie 
9KCHepuMenuta (TabdsuIa 3). 


Both graphs show that at the concentration of 
the substance in 0,5% solution the electrical 
conductivity is minimal. However, a _ larger 
decrease in concentration was observed for 
highly 
consequently, ion exchange takes place more 


concentrated solutions, and, 
efficiently. 

To determine the effect of solute nature on the 
efficiency of ion exchange of different valence 
and size of the molecules the authors have built 
a graph of dependence of readings change of 
electrical conductivity on the nature of the 
substance (Fig. 3). For all of the following 
substances, the concentration was 0,5%, and the 
filtration time was 25 minutes. The values of 
electrical conductivity of the solutions before 
and after the experiment were determined 
(Table 3). 

Taodmuua 3 
Table 3 


VM3MeHeHHe 3Ha4eHHH ITCKTPOMPOBOTHOCTH B 3aBHCHMOCTH OT IIpWpObl paCTBOPCHHOroO BeCHICCTBa 


The change of conductivity values depending on the solute nature 


BemtecTBo 


Substance 


HayasbHoe 3HaueHue 
IIEKTPONPOBOJHOCTH, 
MCM 
The initial value of ie z 
the electrical 
conductivity, mS 
/7 


01 
DJIEKTPOMpOBOJHOCTB 
Tocue BBE CHHA 
KaTHOHUTAa U 
aHHOHUTa, MCM 
The conductivity after 0 0,53 
the introduction of 
cation exchange resin 
and anion exchange 
resin, mS 
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efel= 
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NaCl Na2CO3 CaCO3 


Na2SO4 K2SO4 MgSO4 _ NHA4CI 


BewwectsBa / Substance 





Puc. 3. 3aBHCUMOCTh IICEKTPONPOBOAHOCTH OOeCCOJIEHHOrO pacTBOpa OT IIPHpObI BelecTBAa 


Fig. 3. The dependence of the conductivity of a desalted solution on the nature of the substance 


Oyuako, HeOOxOJMMO Y4HTbIBaTb, TO 


HavaJIbHble 93JIEKTPOIMPOBOHOCTH pacTBOpOB JO 


lipouecca WOHHOrO oOOMeHa, Kak HU Tocse 
oOeccoMBaHHaA ObIIM pa3uIM4Hbl. C ebro 
BO3MOXKHOCTH  COMOCTaBJICHHA  TIPHBeeHHbIXx 


pe3ybTaTOB BBeIM KoopdunMeHT 9)deKkTHBHOCTU 
A, 
3HAYCHHA IIIEKTPOMPOBOJHOCTH K KOHC4UHOMY: 


= (1) 


KOTOPbIM paBeH OTHOIICHHIO HauyasIbHOrO 


A= 1-— 
Eo 


rye EK — 9JIeEKTpOMpOBOAHOCTh MOcsIe KATHOHUTAa U 
YOHMTA, Eg — HayasibHoe 3HaueHue 
9IEKTPOMpOBOHOCTH, MCM. 
cieqyromuu Buy 
3aBMCHMOCTH KOIMDuNMeHTa 39deKTHBHOCTUH OT 


Torga OyauM rpaduKka 


IIpHpo Tb! BelljecTBa (puc. 4). 


However, it is necessary to consider that the 
initial conductivity of the solutions before ion 
exchange and after desalination was different. 
To compare the results the authors have 
introduced the efficiency factor A, which is 


equal to the ratio of the initial value of the 


electrical conductivity to the final value: 
E 

A=1--, 

Eo 


(1) 


where E is the electrical conductivity after 
cation exchange resin and anion exchange resin, 
Eo — the initial value of conductivity, mS. 

We obtain the following graph of the 
dependence of the efficiency factor on the 
nature of the substance (Fig. 4). 
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Nacl Na2CO3 CaCO3 


Na250O4 K2 SO4 MgSO4 NH4Cl 


Substance nature 


IIpupoya BemlecTBa 


Puc. 4. 3aBucuMocTb KoIduUMeHTa 9MMeEKTHBHOCTH OT IIPHPObI BeIIeCTBA. 
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Fig. 4. The dependence of the efficiency factor on the nature of the substance. 


Ha ocu Y oTMeyeHbI 3HaveHuaA KOOdduLMeHTA 
39PPeKTHBHOCTH, OlIpeyeueHHbIe 10 Popmysie (1), 


Ha och X — BOJIHbIC pacTBOpbl, codepxarue 
BellleCTBa C pa3IM4HOM BaJICHTHOCTbIO U 
pa3MepaMH MOJIeKyIJI. 

BbIBojbl. 

1. IIpu oOmeHe Ha _ CHJIbHOKHCIOTHOM 
CyIbOKaTHOHUTe OJHO3apATHBIX WU JBY3apAHbIX 
WYOHOB yCTaHOBJIeH CIELO paq 
CeJIEKTHBHOCTH: 


Na‘ < Ca** < K* < Mg™* < NH,* 

J\14 KATHOHOB, HMMCIOIUIMX OJMHAKOBBIN 3apAd, 

PAbI CeIEKTHBHOCTH MMEFOT CiIeYIOIMH BUT: 
H*<Na<K*<NH,z’, 
M gt <C q-t 

ITO TOKa3bIBaeT Ce YIOUMe YTBepxKeHHA: 

— JIBy3apaAHbIe MOHbI OOee CeJIEKTHBHbI, 4eM 
OJHO3apAHbIe MOHBI; 

— C YBeCJIM4CHHeEM pa3MepOB HOHOB, TO eCTb C 
YMeHbILNeHHeM 9Hepruu ruyparauun, 
W30UpaTeIbHOCTh CyJIb(OKAaTHOHUTa K KaTHOHaM 
BO3pacTaeT. 

VickiloueHHAMU B JA@HHOM WenOuKe ABJIAKOTCA 
K* u Mg , Koroppie cBa3aHbI C KMCJOTHBIM 


2 “ 
ocTaTKoM SO,” cCHJIbHOM KHCIOTHI. A CHJIbHBIeC 


JMCCOILMUpy!OT 
cylaOble U, KPOMe TOTLO, IIOJIHOCTBIO. 


SIEKTPOJIMTHI ObIcTpee, 4eM 
2. IIpu oOMeHe Ha BbICOKOOCHOBHOM aHHOHHTe, 
cojlepxKallleM UeTBePTHYHbIe AMMOHUEBHIC PpyNUbl, 
Id @HHOHOB YyCTaHOBJIeH ClJIeqyIOWMM pay 
CeJIEKTHBHOCTH: 
Cl <CH;COO < CO3;” < SO,” 

ITO JOKa3bIBaeT CIleAyroMMe YTBeEpxKJeHHA: 

— @HHOHbI KDPYyIIHbIX pa3MepoB B OOJIbIIeH 
CTeIleHH HapylllatoT CTPyKTypy BOJIbI, 4EM AHHOHBI 
MeHbIIero pa3Mepa. BairoqHee Ux Tepexoy B (a3y 
CMOJIbI, Te CTPyKTypa BOJIbI MeHee yuopsqOUeHA. 
Ilostomy mpu aAHHMOHBI 


OJMHaKOBOM 3apsiie 


MeHbIUerO pa3Mepa BBbITCCHAIOTCA 3 MOHUTA 
AaHHOHAMH OOIbINeroO pa3sMepa. 
— C yBeIMYeHHeM 3apsyia M pa3Mepa aHHOoHa 


(MaccbIl HM pajivyca MoOJIeKyJI) yBeNIM4MBaeTCA 


CCJICKTHUBHOCTb aAHHOHNMTA. 





The values of the efficiency factor defined by 
the formula (1) are marked on the Y-axis, on the 


X-axis — aqueous solutions containing 
substances with different valence and size of the 
molecules. 

Conclusions. 


1. During the exchange on a strongly acidic 
sulphocationite one-valent and divalent ions the 
following range of selectivity was established: 

Na* < Ca** < K* < Mg”* < NH,* 


For cation exchange resins with the same 

charge, ranges of selectivity are as follows: 
H*<Na<K*<NH,’, 
M gt <C q-t 

This proves the following statement: 

— divalent ions are more selective than one- 
valent ions; 

— with the increase in size of the ions, L.e. 
with the decrease of hydration energy, the 
Selectivity of sulphocationite to cations 
increases. 

Exceptions in the chain are K* and Mg” that 
are bonded with the acid residue SO,’ © strong 
acid. Strong electrolytes dissociate faster than 
the weak ones and, in addition, they do it 
completely. 

2. With the highly basic anion exchanger 
containing quaternary ammonium groups, the 
following range of selectivity is established for 
anion exchange resins: 


Cl <CH;COO < CO;” < SO,” 


This proves the following statement: 

— anion exchange resins of large size disrupt 
the structure of water more than anion exchange 
resins of smaller size. The passage to the phase 
of resin is more efficient, where the structure of 
water is less ordered. Therefore, for the same 
charge, the smaller anions are displaced from 
the ion exchanger with anions of larger size. 

— with the increasing charge and size of the 
anion (the mass and radius of the molecules) 
increases the selectivity of the anion exchanger. 
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3akiro4eHHe. OOpadoTKa BOJIbI C MOMOII[bIO 
MOHHOrO OOMeHAa MPHHILMNMaIbHO OTIMYaeTCA OT 
OOpadoTKH BOI JpPyrHMH MeTOaMM TeM, 4TO 
yHaslAeMble 43 Hee MpHMecu He OOpa3ylOT OCaKa, 
TpeOyrollero MOCTOAHHOTO yyaueHua. Kpome Toro, 
Takax oOOpadoTKa He TpeOyeT HellpeppIBHOrO 
O3UpoBaHuA peareHTos. Cie qOBaTesIbHO, 
OKCILIyaTallua YCTAaHOBOK, padoTarollux MO MeTOJLy 
MOHHOrO OOMeHA, 3HAYMTeEIbHO pole, radapuThl 
allmapaTOB MeHblle, a 3:~dekT OOpadoTKH BBIIIIe, 
4eM Y JPyrUx YCTaHOBOK. 

TakuM 00pa30M, OOJIbIIMHCTBO KOMIIOHCHTOB, 
COepxKalllUxcA B MOPCKOM BOC, MOXKHO YasIMTb C 
TOMOIWbIO HOHHOTO OOMeHA JZOCTATOUHO 
39deKTHBHO, He WpHOerad K OOUbIIMM 3aTpaTaM. 
To ecTb OKeaHCKHe WH MOPCKHe BOI MOLyT CTaTb 
I[CHHbIM MCTOUHHKOM BOJIHBIX peCypcoB JIA 
IIPOMBIMIICHHOrO MCHOUIb30BaHHA, TaK KaK UX 


OIF POMHBIe 3allaCbl WpaKTWYeCCKH HCUCUCpHaeMB!l. 


buO1Horpaduyeckuh CIHMCOK. 
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Water 
exchange is fundamentally different from other 


Conclusion. treatment using ion 


water treatment techniques in the fact that the 
removed from it impurities do not form sludge 
that requires constant removal. In addition, this 
treatment does not require continuous reagent 


dosing. Consequently, the operation of 


installations operating by the method of ion 
exchange is much easier, the size of the 
apparatus is smaller, and the effect of treatment 
is higher than in other plants. 

Thus, most of the components of seawater can 
be removed using ion exchange effectively, 
without high costs. That is ocean water and 
seawater can be valuable sources of water for 
industrial use, as their huge reserves are 
practically inexhaustible. 
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